work, and reduced blood loss to a negligible minimum. After a brief outline of apparatus and methods and a short survey of our results, this paper presents a discussion of selected cases in which direct oximetry provided a quick and accurate diagnosis, whereas the conventional sample methods most probably would have failed to yield the necessary information.
Principles and Methods All photometric methods for determination of the oxygen saturation of blood are based on the difference in light absorption between hemoglobin and oxyhemoglobin: in the spectral range of 600 to 700 myt hemoglobin absorbs much more light than oxyhemoglobin does. Most oximetric methods2-6 measure variations in light transmission; Brinkman and Zijlstra7 in 1949 started measuring light reflection and developed a number of oximetric methods based on this principle.8 The main advantage of this approach is that light reflection is under certain conditions largely independent of the total hemoglobin concentration of the blood and thus is, within certain limitations, solely dependent on one variable, the oxygen saturation.
Therefore reflection methods can be 1-color methods.
From the Department of Pediatrics and the Physiological Institute, IUniversity of Groningen, Netherlands. 908 The CC oxinieter is a reflection oximeter that is especially designed for cuvette oximetry during cardiae catheterization. [8] [9] [10] The catheter is connected to a small lucite cuvette. Half of this is filled with india ink and the other, entirely separate half receives the blood from the catheter. Rouleaux formiation of the erythrocytes, which influences light reflection is prevented by a small magnetically driven stirring rod in the blood conipartment. A reflectometer piece fits over the cuvette and may be alternately shifted over the black india ink part or over the blood sample just withdrawn through the catheter. The reflectometer is connected to a galvanometer ( fig. 1 ) on which the scale has been calibrated in per cent oxygen saturation. The immediate readings give an exact indication of the differences in oxygen saturation between the samples and a fair approximation of the absolute values. After analysis of one or more samples by another method (Van Slyke's manometric method, spectrophotometric methods, hemo-reflector8) the instantaneously obtained oxygen saturation values can later be converted into absolute values by simple addition or subtraction.
The oximeter cuvette is sterilized in a 1 per cent cetyltrimethylammonium bromide solution; just before connecting the euvette to the catheter, it is flushed with sterile saline solution. We did not encounter any untoward effects (including febrile reactions) that could be traced to the use of the euvette.
For each measurement (1) blood is drawn into the euvette, (2) the stirring device is started, (3) the galvanometer is read, (4) the blood is reintroduced into the patient or stored in a syringe for analysis by other methods, (5) the cuvette is fiushed with saline solution containing some heparin (10 mg./L.), and (6) the stirring motor is switched off. The entire procedure takes less than a minute.
The accuracy of the instrument is sufficient for clinical purposes. For a total of 228 measurements with 3 different CC oximeters, the standard deviation of the differences between the CC oximeter and the control instrument (hemoreflector,8 spectrophotometer) was calculated at 1.68 per cent oxygen saturation.9 No systematic difference was found.
The presence of the oximeter euvette between *Kipp and Sons Company, Delft, Netherlands. 
Discussion
The routine application of a reflection cuvette oximeter allowing instantaneous deterinination of the oxygen saturation during cardiac catheterization appeared to be a considerable advance on the conventional sampling technic. The oxygen saturation values nay be used for locating and directing the oatheter tip; a virtually unlimited number of readings can be obtained from any area; the catheterization data can be given full consideration at a moment when additional data canl Circulation, Volume XX17, November 1960 easily be obtained; the blood used for the measurements can be reintroduced into the patient, the loss of blood thus being greatly reduced. After the introduction of direct oximetry it soon became customary to develop the diagnosis during the catheterization; in almost any case accurate insight into the existing malformations or disturbances could be gained in the course of the examination. Cases 1 and 2 showed a remarkably high oxygen saturation in the superior vena cava.
The source of highly saturated blood could in both cases easily be ascertained by successive saturation readings. In case 1 a sudden rise in oxygen saturation occurred when the catheter approached the right atrium, but in the right atrium itself lower saturation values were obtained. These findings exclude almost certainly the existence of an atrial septal defect and demonstrate an abnormally draining pulmonary vein. In case 2 exploration of the superior vena eava and the vessels draining into it revealed high saturation readings in both jugular veins. The postulated cerebral arteriovenous fistula was later demonstrated by cerebral angiography. The small but undeniable difference in oxygen saturation existing at the two sides of the pulmonary valve suggested a left-to-right shunt, which was thereupon proved by passing the catheter through a patent ductus.
In each case of atrial septal defect a series of oxygen saturation readings was taken from the superior vena cava and the right atrium in order to elucidate the exact location of the defect. In case 3 a rise in oxygen saturation was observed before the catheter reached the right atrium. On its way through the atrium the catheter passed through a region of high oxygen saturation values (97 per cent), but before reaching the tricuspid valve the saturation was at the level existing further throughout the right heart. These findings are typical for the sinus venosus variety of atrial septal defect. Attempts to pass through a septal defect were much more often successful after the introduction of direct oximetry, as is illustrated also by this case. In case 4 a primum defect was suspected. Repeated measurements, however, failed to show any significant differences in oxygen saturation throughout the caval veins and right atrium, but revealed a considerable rise (22 per cent saturation) when the catheter tip passed the tricuspid valve, thus demonstrating a ventricular septal defect.
Extensive oximetric examination of infants is virtually impossible without the use of a direct method, allowing the reinjection of blood. With the aid of a euvette oximeter. however, even the demonstration of combined atrial and ventricular septal defects (case 5), which usually requires many oxygen saturation readings, does not offer any special diffieulty.
In case 6 the nature of the existing abnormalities was completely obscure before catheterization. The diagnosis (complete transposition of the great vessels) was built up step by step, mainly because of simultaneously obtained fluoroscopic and oximetric data. Summary A reflection euvette oximeter providing instantaneous values has been used in a series of 195 cardiac catheterizations in infants and children. The introduction of this method had considerable influence on the entire catheterization procedure, since the direct availability of fluoroscopic, pressure, and oxygen saturation data allows development of an accurate and complete diagnosis during the catheterization. Six cases, selected because of the important part direct oximetry played in their elucidation, are discussed.
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